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(57) Abstract: 

PROBLEM TO BE SOLVED: To apply hardening 
treatment to a titanium member without generating 
surface roughening and colored material formation by 
applying the hardening treatment to the titanium member 
under reduced pressure atmosphere containing nitrogen 
component and oxygen component at the same temp, 
after applying the annealing treatment to the titanium 
member under vacuum condition at a specific temp, and 
cooling under reduced pressure atmosphere of He, etc. 

SOLUTION: The Ti or Ti alloy member is heated at 
700-800°C for a prescribed time in the vacuum vessel 
under vacuum atmosphere or reduced pressure 



atmosphere of He or Ar to apply the annealing treatment. 
Successively, under reduced pressure atmosphere 
introducing gas containing N component and O 
component such as NO, N0 2 , N 2 0, etc., and if 
necessary, further mixing H z O or 0 2 , the Ti member 
after annealing is held at the same temp, as the heating 
temp, for the prescribed time. By this method, N and O 
are diffused from the surface to the inner part of the 
Ti member and made to solid-solution to form the 
hardened layer. Thereafter, under reduced pressure 
atmosphere introducing He or Ar in the vacuum vessel, 
the Ti member already subjected to the hardening 
treatment is held for the prescribed time at the same 
temp, as the hardening treatment temp, and thereafter, 
cooled to the room temp. 

COPYRIGHT: (Q1999.JPO 



09)B*mmvf (jp) 02) & Hfj 4^ i^F & (a) (nmwmm^mm^ 

#^11-92911 

(43)^PBB ¥/£ll<P(1999)4J|6B 

(5D intci. 9 mmn f i 

C 2 3 C 8/28 C 2 3 C 8/28 



m&®& *M* W*B©»3 OL (£15H) 



(2i)mB»# 


^H¥9 -248551 


(7DWSA 


000001960 














(22)ffiSB 


^9^(1997)9^120 




Jfc3ti&SrteKffiSBt 2 TB 1 # 1 ^ 








(72)3gfMf 












«f3EJ&0f^*A*TS*S51P84O#flS 


















(72)S&W* 












«fS»BfiKrfr^:^Tg^lF840#«j 


i/ 
















(72)»M# 


ftp »m 










«fsmwjRm^T«^ttsp84osfl& 















(54) BBWOfcfM >«<tfiW©«4t«ilW^ 



(57) [SSiftl 

f?7oo~8o oxiti-effifemmtomvmm 



700-800* C 



2 jn&ig 



4 Stesasxe 




1 

[#fFft*<D«5B] 
^4>*>b<»i^y *A&a|Abfc$tjE#ffl^*t>b<ra: 

07oo~8o o < c*-egFf«^M»L«E^a-rs*o 
-ifrfk&ilttf * t> b < r±-»fl:**^^ t> b < »raKfb 

ft«t» t b < tt^ y * A tr^A bfc®ffi#H5t^ t b < « 
T/w=*:/£igAL;fct&E#ffl^*-e h W-hfcf«S;h, 

5 7 o o~8 o ox:^wr&mmMm^m&i^m-r^M 
mr.mb. 30 

gpn#* * b-<ommmft b mm&tftzmm^tfXxK 

JE#ffl5C*-t?*P^XSt Bl-aWf-T»Bf««*IBfia» bf * 

-s^k^m t> b < te-mtmmtf* h b < i*&gHk 
* if ©i*^ i: &mfiL&&mmz-£tt # * \c 

bJE^&bfc&K-^y i'At L< KfcT/w^SrigAb 

^bfc^ic^as-c^-r^^ipx® t , 
mzjtm&stk m~t b^- tnst&zwr 

^*t>b<te^y ^ASr^Abfc®JBE#ffl^^t b<tt 
T/u^vSr^Abfc^JE#ia^*-eh W-hfc««*tb 50 



#B8¥l 1 -9 2 9 1 1 

2 

9 7 o o~8 o cci-c^f^M^b^toa-t-^Ap 
a* £#a bfc«^#H«*-ean!Ria b m-mt-em 

&m b f * Vfe J; Utf 9 * 5 SB** 

B*»e>rtSB^*i:K*SrifcSS:. @*§£-&TlDMk;f SrJ£ 

r >*~tx* izTkmts. h b < risfcaw* 

^©«*&Sr^lhbX^#^bfc«^^y !?AfcL< « 
[00 0 1] 

mwvm-tz&Mfrm 7-9>»xxf?-9 

&b \sTm\^t>ti**?9>&S:V3-9>&&M<oi%tt<>r 

if O0!'fk*!! ; a^ft(ci§-t-'5 1. <DT?fc5 0 
[0 0 0 2] 

[^*O^W] f- 9>&£V?-9^&&\t9-9/l< 

7W^-^igrU^<v\ A^^bv^JSirbTSi 

s^i^Tv^5 c mm-. bi^> ^es^ifjcft^^ns^ffp 

-^T?^ffl4 ] ©^X5l^4if(cJ;^^« I aW<t>'fg:T 
*sA#*raHi: bT»J»$tuTVN5o rtv«X^, f^ 

CfiBtSfcOt?*.!), ^Sri»bTtt-*cO*ffi^t: 
MSI^|^:^.^>^^Tv^5 <> ^IWbMll^li, A#<^<t 

• -r^-^^v— ^ >^ • ^^s/<? y v^- 

*P-Cfe»), — ^JRSCWgJS'^'fbl-^^&i: bT»* 

-r^-vaA. ^^-v^t, ^^-fk. a^^if^^pt,^ 

[0 0 0 3] 

9 btez> nift<D2mum zmw $ * 5 
«taR«ritm:*»e>» ^ 9^xx^f- 9><er&<Dm& 

fe<D**-e<o^B6S<ka*s#e>*t4v>i:v>5^^*>o 
[0004] >-*5<t^^ ^-a-^^s-fk^sa 



J*, 1 ^m©SI$-e(Ot*3'*-^SHvdSS 

mHv = 7 5 O^iOlt^^-efc^ g?®a>£> 1 
um(Dm&-X?W-y$-xm&Hv = 7 5 0«±Sr#S 
fcae^hj^ajaftsrs 5 Ot;W±{cf£;£Lft(*;ft,tffte> 

ftv^, &mm.m& 8 5 ox:s}.±<Dmm.mx\t^u<om 

<ffeUtUpfcft > *&ai»©*E:|*f&£iNi*£U *» 

v*Afe©* *-e©wk*aa!P-ct ftv>ft t*©ni 

^-^>-^ifcD*fefe«§r^$-a:-r^B^e> 1 Mm© 
i3?£-C©fc*s/;fr-;*S!ftHv = 7 5 0W±5r^-r^^t 

[0005] *&W(0 g #J|*. Vfc XX??-? 20 
[0 0 0 6] 

kft5SB**£riaeL*£#M5l.fc^ »£#H£t**fc 30 
te^y ^At L< teT/w^£^£«rt8B^AL*: 

9 7 0 0~8 0 0*C 

LJt^#*tbfe^(c^y U< fctTA-^-Sr^Al. 40 

[0 0 0 7] *®RIBfrli«fUfc**TSBV^fcJlS-* 

-g-^^ftsgw©^® b ?in-&mktim.-?z> z. t & w 



#HS¥ 11-92911 

4 

£«rtg&«r«@#*©fg#as#6fc-T?# 5ff^i*-e^# 
« e £ ^ <t * v-g-^ & ft 5 aw s-api?* 

^f&KJ; (3 7 00-8 0 0 "Cgf £l*IHM)PJI& L^SfiM 

a-i-s^xst, whj*# 

t£<mtmzMf$.ZTtz>mt®!mx.Mb. ■g.m&Lfrbm. 
mx.mbm-mmxm^m^vtcm^ tmz&± 

[0 0 0 8] z<Db$jtimfon*±Z£-itti:\,^bbm 
Sfl©«l'ft;^Sr3^^Lrv>5r b. *fcSlV^fc«Sr# 

So 

[ooo9] igira^fitcsjtf-s, ^^v*5,tot^^ 
e> ft 5*w«r«fls*aw-s je>©^t;Ma^ife 
©xssr*-riat?fc^. ^wt-isft^^kAaa^ffi© 
isii, *p^xm2, g!ib*aaxs4, iwjiaetj: 

^)«^$^^TV^2>. -t"ftfc>*>, 3l£«F*3£rl x 1 o 6 
Tor r£lT©JI^3*-C»S#^bfc^ S5#HS* 
fc^y 5'At.b<fiT/w^>-SrSALfc®JE#H«^ 
T?»«-Sr*lH»^«K± 9 700-80 0V,^xm^m 

Dmisxmv&tem-r stamen 2 ^^t^^g 

AP|^X@2i:l^-mft-e3f^M^U ^^>-*5i:U5 

^ 9 e> ft 5 suit ©^b^ €> rtsc^* b mm sr 
Mffi©^y ■?A#H^tu<^jE©r/v='^#ia^^-e 

Sr^ltLT^ia*-T??&if]1-S?^*PXS6i:*^ft^3X 

[0010] ^^^.t^^v-a-^bft-sas^^? 
0 0 ~ 8 0 0 x-Mim ^m&wm-r&iim-xM 2 1*. 

*WBI88ftaoW**nX"C^'^ v*3 J;^^ >"^d»feft 

saw tr»px-r^, t *fc36&i-saqitt-r**«:»Bis 

*SrtS:a6<)t LT=frft5t>©-t?fe5» JPXT>-T^S 
(*WiiJpx^©jc£;^^*&^-T>-r ^. t ft o T » o T V n s ^ 

fy&i. T*?-9 h ft S gBW t;:*f bj^ftfiteaSrtr 

ft^-r^^a^JSi-i:, APXt>i**SSr«fPUft*se> 



5 

>*5 i n^9 h ft 2>mt<Dm&m-c\-±&m t m 
mmmm-ezu&i- < ft ?> , fesi ttft 

v>««8-ett*v\ ^oTW^PXbfc^v&.fctf^* 
[0 0 11] Wfcft«xa4HdlPj»xa2*»l|»T«, E 

iooi2] ei 2 \z.mmt>m*m-tz> j i s 

WBA&s* 1 ? * -i£b 0 6 9 0~8 1 OXJlC&rtsS 
* 5 Nfra«ktoa bfc«<D tr y * - *6?&£r8!l3£ bfcjNr 
*Sr*i- 0 MSa^d5 6 9 O'CWTOffi^-Cli, *ffi*» 
1 Mm-T?<DSH$t?(Dlf5'*-^g!aP^Hv = 7 5 0U 

Thtt^%»ttmdsemififi^fitt.\\ ^<Dmm\%Q 9 
mz.M bg* t K^^3te^»-*£*, H^bftv^fcfefSS-fb 
;6u *&aiafta*8 l 0X:&.±-V\tf-9>isi:x^f-9>^ 

©lfy;&-;*S!&fcl:Hv = 1 14 0^:^^11$^ 

[0013] 03 (a ) J I Sitte 

-ejassfu/t?-* vis 2 mwz>3if&m&<Dmffi%xm(D 
^^-To mrn^ m3 (b) liiMif^^ssiaf 

VIS 2 8 0 O'C-C, M3 (c) 14 

vft ^©ajMb^rafl:?-* v# 
*Bi4*t*fe-efcs 0 rfrKStu &aaA8 i o'er* 

t4^vSS2«#©f-^ tS^iD, 20-C26. 0° 
©^•Kiq^ftfc'-^asiB&ibtb, r*tf43SF&«bfltT?*> 
S-CXBtfU^VCf-^ t— gti-5o 37. 0 

° t41. 6° <Dn&Km^-?1>m#>hfrZ>1fi, r 
tL|4*3fe3 6. 7" t4 2. 6° KfLftS f-j? asfl&ft 

mz~>7 hbfc*><*>fc#*.e>*K r^i4»fe^isr-efcs 



(4) 11-92911 

6 

9 V t gte^* vas^jsfc $ *t,T V* 5 r t {493 k 
•5c totteIil|*!8 1 OtDgUnMdu ^ffi-©^ 
b K*©«*&S^iSill 2: ft 9 «&«9®-efc 5 -m\&-9 
ls-*?mk*f-9 l/*M$L b Tfl48.&fr«M£T £ -£5 fc «>SS 

[ooi4] «_b<z>3&a»bs ^^^r^ts&yg 

X@4C0MSI?1A14 7 0 0~8 0 OX^^mB^bT^^ 
S*sfc-5 0 ^*vfc4;tf:^V^a>ibft5&#£M3 

o^®ifi^-e^fg t K^*Mk^Sr^-fri*fcH^ bfc 

ictmtiKD&mvtm bfc * * -e©*iB«fiste 

sa^ffctftSe 
[0 0 15] S^^t^^SrlBl^-^tf^ t b 
TI4— &<ffc^iif tL< l4-«-fb^*^f^ t. b < t4M 

^.t bxj4Tv ; e^r^iSrfflv^r tas-e^-s. 

20 ^^tP^i:bT»47k^«tfcb<l4^^^S^^V^ 
•5ri*ST#5 0 -itc^ivbcoMxlz^V ^Afcb< {4 

ft H i: 14^^ V*5 <t Xff- 9 l<"&&fr ?> ft 5 b , 

\\^9^t£¥<Dm\Lm*i&mrz>z. tft<*£«c. 
b, *®is#-ea*fcii*«*ia»bfcjsi©«fl^isr, 

2 <D^kS Sr^fig b X V > 5 r b -Cfc 5 o 
[0016] /&£PIiiS6 J4^kM3ilxa4 *S)^T bfc^ 

30 9^&£xt^9>&&fatbt£2>mt<o3imz.m&V!)W-? 

hZ>mt?-9 vft ifrotftfttr^bf^ >ft K<r>mc 
mztef&zik&^btiK. *w»te#»*"c»*p**x 

=?VSr»Abfc«jE#B^^T?S!-ft;«! ! aX©4 t 

b b-CV>e 0 ?&SPX@6 SrfttIIS4 bm—<J>-»7s 

«-©*ffi^e>^i^mds*i:«tbft< !iofeitKti 
^t^^^iS^tftO^B-e^ffe'ii-efoS 

mt^-9 vft b'<Dmm*?-mt i ?9 vft iKomtrnz 
mfci-Zo z.nmm*m.^&*mc> : i'9i/tiib*<Dmdto 

*PXS60#ffl^J4^y !7Atb<(4T/W^>-#ia5tt 

i"SiKK*s*>5. aiftrtJ4?^*Px^6-e(4, 

ftbmmf$.&*^tiX*&m$Kb bftVN^ t-efc^o 

[0 0 17] *5IM^*3V^-C. ^^VjoiOf^^^-a-^ 

so frbt£Z>mtnvib\L zv&tBbftU&mtetimzti 



(5) 



11-92911 



8 



[0 0 183 

*W*riM»#«fcJ: ») 7 0 0~8 0 0"C*T»Bf3ei*|iWP 

ft umumw sanfti® 2 1 , t mm&ft* 

[0 0 191 

imrnwi 

mmmi) *«w©*i 4, sissr^ 

^iAP 1 6 fc jfxvma 2 0 Sr{iB*:fcK£« 1 2 © 
ftgBKW:, SW»fc5FW 1 0_htc^^>-*5 < t 

A*> P> fc 5 8 SriPft L -cjgtt^-r S fc * <oi«mm9t 
iL-Ct-*-l4#BB«£;h,-CV^ 0 X?SWl2<ort 
a5=Sr^#5tP2 0SriiCr*^>7'2 2(c<ti), £g 

m#x&m%.<D&®mm&tiz lxio-'Tor r 
«T<DjE^*-eKffi^bfc«^t-^-i 4ti>?^* 



* ^^HX^^y^^h^miB £6 9 0~8 1 0 

6 (D#*iaA# 1 8 «rPB«t^^*^f^Sr^AbffiA 
£ 0 . 3 T o r r KlflHI Lfcg««f T?#5$fi8iS bfc £ 

W9 8 (omm^mm 3 o 

2SrK*^te«t$*-C. J: t*^* 

mmzitxmi<omibm2 6km2<D®nm2 8fr 

10 f>&53?®^fb«2 4*^J*Lfc. r<D«, ^SAP 
1 6<D#xS@A#l 8&BHD, #*tfe$SP 2 O^ilCT 
S^>7"2 2tJ;!)^fll 2©rt£&£rl x 1 0"' 
Tor r «T<OJE^*rK^^LT^P>, ^iAR 
1 6W^f^^A#l 8%ffltfT/U=t>'&mAL.mtJ& 
0. 5 T o r r |C|«Lfc#H«+-Cfl!Mb*kaL3!fc t # 
©lI»4*Sf,3 0^H-^{C^Lfc^, fc-*- 

[oo2oi mmimmumcit. m&fim*&-tz j 

20 I S«,*&t?^«$4xfc^^^2iffi«-*>f>*^^fW-^- 

^.sr^fflL, ±ib6 9o~8i o xxomB&m-Qtnmm. 
mmm<t>iHi&tiL<o*zis. m&mmxiozwitif-fi 
x-xm&mz*. fjsusb, «®*»e> i fimomzxco 

lfy*-^g«Hv = 7 5 0£l_h3r-£-&£ Lfc. ^ffiffi 
0. 4 MmElTOtcOSr-g-^t Lfc„ Jjg^R c <DAt 

$ ts.&m<om&itm&n*mmm\z. j: 0 u 2 0 ~ 

30 6 5 /1 nKDjEfflrtKfcS h<D*&1fek Lfc„ 

fc. i*ve>©W*«*ft-*lR:*r o 
[00 2 11 
[«11 



(6) 



1-92911 



10 





@& 

(X) 


1. 0 

jim<D 

(Hv) 


(Mm) 


(«m) 






a 


6 90 


590 


0.2 5 


2 0 — 6 0 






b 


7 00 


7 60 


0. 2 5 


3 0-5 0 






c 


8 00 


9 50 


0. 40 


30-65 






d 


8 1 0 


114 0 


1. 0 


7 0-2 2 0 






e 




1 80 


0. 2 


2 0-5 0 







[0 0 2 2] fWg-g-a-dte^tl^Ju 6 9 0V,i>^ 

8 i o^%-Q«mus.^it^x^m\,tLh<D-^^ n 

10 0 2 3] «ia>f> §13 5lC SW#^a (*& 
9 0t) -Ctt^SI^COSF^Mffi^R a , MS 

^©SgffySE©;*: t £ R c t hKUW$r%- e <D^^m<D=f- 

B#>£>1. 0 /unKDai^-^CDSft^H v= 5 9 0 tfi< 

#d (toata*8 10'C) 12*® 1. OjimW^^W 
S!ft^H v = 1 1 4 0 t flgV\$s, 30 
3SRa = l. 0/<miAI<, *fc«iS^WifeS*Ltt)R 
c = 7 0~2 2 0 /zmlCffi^fcLTVNTtoS&tf^ffiffi 

c*uf>K»Lfw#-Jt-b (MajaS7 o o*c) -m^a 

a»£>l. 0 ym©S$W^ 5 Hv = 7 6 0 tjSK, 
^am^sp^pgffi^ ttR a = 0 . 25dm, $m$k<D 
^fl*Ctt.R c = 3 0 — 5 0 u m e <D3H&m<D 40 

>m 2 «*f t Jttfc LT (S t A/ if ^-fbflS ft < MSWcO 

t # §n & ^-cfc na^tciw^ c mmm.m 8 o o 

t:) -C^®^P>1. 0 Mm©a?$t?cDfg^SHv = 9 
5 0 tiS< , Ma^O^^ffiffi^ttRa =0. 40»i 
nu M3S^(Di^S!|at>Rc = 3 0 — 6 5ymi^)|S|.#-§- 



[0 0 2 4] 2 ) 2 ©SOfefllSrH 

^ia-Cfc.5 e ^f^lAP 1 6 t^#*CP 2 OSMlx. 
fc*3S»l 2 ©rtSB^te, MS^-C«)5hW 1 0 

XSffl 20^g|5Sr^^P 2 OS-ilCT^^^ 

2 2K«t , m®#x&m$x<Dmwmmzivz> i x i 
o 'to r r &LT<omj3?i-?nQmnvti'&. 

API 6 (D# *j£A# 1 8§rM«t-^y ?A£igAUE;*3 
£0. 2Torr(dPSEU t - 1 4 9 V 
*3J:^^^-a-^b^5gP^8Sr6 9 0-8 1 CC* 
t?3 O^MiPf^b^fttaL-C^^, ^SAP 16© 
#XjSA#1 8&SIC. ^#^P 2 OSralCTXS^ 
V^2 2|CJ:I?K^«1 2<OF*9gi55rl X 1 O 'To r 
r «T©flE^*-CJE^^CbT^e> x tfxigAa 16© 

•tttctf* §r^A bffi^J 0 . 2 T o r r \z.m& L/c#H 
Bllli3 0{:^3 2§rK#2i.O ; i2:»:^-&T. 



m 



(7) 



11-92911 



11 

% 2 (omitm 2 8^f>^ zmmmtm 2 a zmis. Lfc„ 

r©^. #*i9AP 1 6<D#X29A#1 8§rBJD. 
#M5P 2 OSrilC-CXStfv:^ 2^i9J5S«l 2<D 
rtSCSrl XI O-'To r r £lT<Dff^J*t?K£g^b 
Td^, ^f^iAP 1 6<D^f^.^A#l 8£P3it^y * 
AS-*AbjE^)SrO. 2 To r r fcfSSELfcgtffl&f "C 

Rftfiitfe i # e> 3 0 #ra—j£fcfiy$ 



12 



• [00 251 **JfeW 2 tc*3V *t t> , ifelMHttatttri:: 

[0 0 2 6] 
[*2] 





CC) 


1. 0 

(Hv) 


&2Ra 
(am) 


(am) 


*fctt 




f 


6 90 


6 00 


0. 25 


1 20—50 






6 


7 00 


7 70 


0. 25 


30-50 


fct 




h 


8 00 


940 


0.3 5 


30-60 






I 


8 1 0 


117 0 


1. 2 


7 0-2 30 






e 




180 


0. 2 


20-50 







[00 2 7] MR** f ~ i tt-fcJvCTl. 6 9 Ot^k 
8 1 0tn£^3)B^££te£*T&aLfc (ft 

e YSJfttBMO?'? 2 «*J"C*> 5. 30 
[0 0 2 8]*2*>?>St,MJ:5lJ:, IW#tf (to 

6 9 cc) -e\a&mkw*3&mi&.£ r a , turn 

&<0%i£k®.<0*:Z cfRci fcf e ©*toa©^ 

ffi*»S>l. 0 f im<Dl%£-?<Dmmii i 'Hv = 6 0 0 £©< 

-§•1 (&9ffi£8 1 Ot) I4*B1. 0 Atm<Ogl$-C© 
SSffidSH v = 117 0 iifiSV>dS, toamoip*&*ffiffi$ 
tfSRa = l. 2^mtA%<, *fctoS^<Dii£IM&t>R 
c = 7 0~2 3 0 vmiZ.1fokitl,X^Tftm&<DmffiWi 40 

L;fcR*T»©WfcJSa*«Mfc $ *vcv>fcv \, m h km u 
g (*&3ifif£ 7 0 00 T?i±3?®tf>e> 1 . o ^ 
m©$? £ -?(D^aa J H v = 770tiS5<> toa«©sp*& 
^®ifi$l4R a = 0. 25dm, »©»tRc 
= 3 0 — 5 0 vm eCD^f&ma)?-?^ 2 U 



|ill*fctW*l|-h (MlS8 0 0t) 
*>fel. Owm©S$-e©0!fi)JSHv=9 4OtH< < 
#ta«©¥*&*ffiffi 3 ttR a = 0 . 40dm, toS^O 
^SiKtR c = 3 0~6 0 *tmtl*)|SF#-^e<07fetoS<D 

* 2 tit^L-cjstA/ if mi t a* * < ammo 
[oo29] mmm 3 ) *&wv>m 3 ©fwswsrig 

4, EI5^fflV^T^-f-5. ®4(4^^>-*3i^^V 

tcMQft 1 2©I^W-I4> «W3E«F-&-e*>S 
*5i^^>^*»e>*5SW8Sr*P5KlUT«tt<b-r-5 

jt^w 1 2©rtsi5Sr^^^p 2 0 *mzxnQ#>y 



(8) 



!&m¥-l 1-9 2 9 1 1 



13 

2 2 \z <fc •? % m&#x&m$5.<om®im&£n?> ixi 

O-'To r r WTcOjE^*-CjE^^tb^{-t-^ 
6 9 0~8 1 0 < C*t?3 O^KAPf^b^MabT^ 

#^iAP i 6<d^^ea#i 8 &mttmwut&m 

T o r r KSS«b;fc#B£lf ^JSMLfci #©S& 
&&fri->t£ZUW8<0&m\£&$i3 0 tg&ijf 3 2 £K# 

*TfB 1 ©BMtS 2 6 fc US 2 OIMUI 2 8 *>?>/i5*B 

i!?tA#l 8£rfflb. ^»SCP 2 0Sr-iS CTSESsJOT' 
2 2{rJ;!3K^«l 2©rtgB£l X 1 Q-'To r i &L ■ 



14 



*T©ffifc*-<»Jl5SilM5L-ca»fe, ^SAP 1 6©#* 
^A#l 8£PgttX/W=?>«rigAb£E;/J§rO. 5Tor 

*Sfe3 0»IB-«li»»Lfc«. fc-*-l 4lc±Z>fin 

[0 0 3 0] *«K«3 K48V^rt>» VmttABMlSmK. 

\-immm 1 » tmm 2 & ntk&fHB*MR**i-£ j 1 s 
10 itdkMi. n«« 2 i: as, «®*a^> m 
3 tc*-t-„ 

[003 13 
[*3] 





mm 

CC) 


1. 0 
(Hv) 


(tiixd 


(wm) 




ma 


j 


6 90 


5 8 0 


0. 2 5 


20-50 






k 


7 00 


750 


0. 25 


30-50 






1 


8 00 


980 


0. 4 0 


30-6 5 






m 


8 1 0 


10 7 0 


0. 9 


70-200 






e 


mm 


180 


0. 2 


20-50 







[00 3 2] j ~mtt-€rir-Pn, 6 9 OXlfrb 

8 i ot:£^3fiS£^fc£-&T&abfct>©-c > W 

e iiTfcMS©^ VgS 2 So 
[0 0 3 3] *3*»e>Wfo*»*J:5K, Wl«i <*& 

ass 6 9 co -?ii»©TOsia$Ra , mm 

&©*§&;&© At $Rc (CftH** e ©*#ya©^ 
Bi6»6>l. 0 (i m©i$-e©®aASH v = 5 8 0 tfi< 
#m (*aaSJP8 1 0*C) I**B1. 0*/m©ai&-?© 

e!ap*5 H v = i 070 iiSvv&s, *aa&©¥*&*Bffi;* 

*SRa = 0. 9(imWt<, ^fc^S^cDi^ffiijffct R 
c = 7 0~2 0 0 m mteffi*4kbTV^-C#yg&©*B*l 
ftasJHiff fc:f&«> fe ^a*J©*®^ffi b fc«fls*& 

bfctt«Br©®fl^asj£/*£*tTW«ev\, r^f>(C*TL 50 



IWS-ll-k OOt) T?I4«K*»6> 1 . 0 /i 

m©8S& ^©Sia^H v = 750til5<, fttS^©^ 
*B*&£ f*R a = 0 . 25/im, ffil^O^^efc R c 
= 3 0 — 5 0 A<mifW#^e©**&a©^>"gl2« 
«" t bT IS t A/ if^a* < MlflO^ffiti 

mm-?te-mik?-? ><dv-? t>m» hit 

\Z b fctt«t»«-fbJi Sr^fiK b T V * 5 £ t & w h *>T? 

fc^o ra«ttetw#* i (feiissoot) -ch:*b 

*>f>l. OA(m©Si$-C©^a*5Hv = 9 8 0i:iS<x 
^S^OT^Bffi^tiR a = 0. 40(im, ^S#© 
MSttRc = 3 0~6 SAtmt^JlSfS-^e©*^© 

^^>'^2««•i:Jtl^sbT^$t^ ir^-fk^ * < ammo 



(9) 



11-92911 



15 

« Sr^-a-T K Wife L fc:RtST«MlsJB U T V % 5 £ 
CO 0 3 4 J (HJfSWI 4 ) *&W<Dm 4 0>£)K0!l«rBI 

fcJ*S«l 2<OfHm^it. Stt^tfcShW 1 0 

fcfeOAPfi^tUTt-iJ'-l 4 25gEm$;h/-CV^ 0 
2 2 |C A 9 , ^g^f^#H^C»»#^#^^4x5 1X1 

o s to r r &.T<Dmti^M^m^tcm. 

AP 1 6©^|A#1 8 SrPB»t— y ?A«:SAlJi* 
§r0. 5Ton|I»m t-^'-UlCiOfiS'y 
*5±^^V-g-^/5^/j:2>Sl5W8Sr6 9 0 — 8 1 Ot^ 

V7*2 2(Ct 9X£«1 2<DF»3gBSrl X 1 0 s To r 

Sril-a-^-t-fc^^SrSALJEE^SrO. 5 To r r {cPft 



16 

*K— ^(C^LT, ^ViSitF?-* 
#8(D^ECtg3 0 igfcllf 3 2 

rtSB^^3 0i:^3 2^14:», Bi§£it:TS& 1 ©SI 
im 2 6 2 2 8 d^/i^^ffi^k^ 2 4 £ 

7&5fcLfco #^fAP 1 6©^^EA#1 8«r 

HC. ^P^CP 2 0SralCrJC^#^7'2 2^i*)K 
S*l 2<OI^95§rl x lO-'Tot r £TF©JE;*>*-e 
JKS#«bT!6>6>» ^^SAP 1 6©#*5»A#1 8£ 
10 IBtt^y ^ASr^AbJE^SrO. 5TorrC3SlLfc 

[0 0 3 5 J *3te*«84Ka8V^Tt, 

Ht3fe*« i > mmm 2 , mmm 3 i; ia*K:fta#*$r*r 

aac*ffr«Haufc*» &ttm, **M2 % suras 
20 m^mi^h^mt^-^^-wiit^xomm^ 

[0 0 3 6] 
[*4] 



0^ 


rc) 


1. 0 
(Hv) 


(mn) 






ifHB 

as* 


n 


6 9 0 


600 


0. 25 


20-50 






o 


7 00 


790 


0.2 5 


30-50 






P 


8 00 


970 


0. 40 


30 — 6 5 


tils 




q 


8 1 0 


1160 


1. 0 


70-230 






e 


mm 


180 


0. 2 


20-50 







[0 0 3 7]K»#fn-Ql«tim, 6 9 0t^e> 
[0 0 3 81 *4^^>We>^J:5^. »W»#n (ft* 



H^fel. 0/xmCDSI$-C<^>S!S^Hv = 6 0 0 fc©< 

-^q (feli«8 10t:) fcMfcffil. 0 Mm<D}££-CCD 
SfttfSH v= 1 16 0 irffiv^ ftLatftO^^ffitftS 

c = 7 0- 230m mlCta^ft LTV^#yffig<D*B*& 



17 

m» ft z ttx v > ft v \ * tz.vm%.<D^.m tc &-mik^? 
> t is<D\?-?i>mb fr\zM#> bixz <oxmm 
t mm^mm vtcvtrnxomim *mi& £ tvc v v \ 
rtuf>ic*tLi*)|sf#-^o waaias? o o<C) -cktSB 

*»e>l. 0(im©l§-e©»SHv = 7 9 0til< > 

^S^COSp^ffilfa^ttR a = 0. 25/im, 

#£ifM& t, R c = 30~50ymt f*)|s|-## e (O^^M<D 

t&wbfrxibZo mucKipff^p (a&am* 8 o o 
*c) -cfim®*»e> i . o ^m©ai$-C(©^d5Hv = 9 
7 o tm<, mm&<D¥-%}mmta.z\i.Ra = o. 40^ 

m, *aam<D^fitfet>Rc = 3 0~6 5 m & 

e vss 2 aw t it«E vx « t a, if 

ft < ^aiD ©SJBtffi frlttt L fc * * ©ftfbfea *s ft £ 

[003 9] tifcttff 5 ) *&Wom 5 ©IWHSrS 

«SCHt?*>*. ^/^iAP 1 6 fc^iMSP 2 Ofrflt*. 

2^>F^gpic« > SWE^tiSl-K 1 0 
±{z.^?is&£T*'f'9is&&frbftZ>mtS 
*S l"&£tfr b ft Sffitt 8 &Dm Lt ffitt^-T £ 
tdtXDMm^mb Ut-?-l 4asBB«£*vCV^„ 
3E£«1 2©^Sr^^^P2 0S-iiCrX^V7 B 

22iao, mmxx&m&v&m&vmztvz 1 x 1 

0" 6 To r rKT©ff^)*-el^Lfctlw #X 



(10) mmW- 11-92911 

18 

*®Aa 1 6(D#*29A#1 8Sr»«t^y ^AS:iALE 
2)£r0. 2TorrlcHSU t - 1 4 Jc J: t) ^ 
^fc<fcU^:?:x^&a>lb&5gi5*t8Sr6 9 0~8 1 0<C 
*T?3 O^WLI^IUT*^, ^iAP 1 6 

jKV7"2 2{£«fc*>SEgg1fl 2©rtSi5£l xiO"'To 
r rKT©IEA*-CX2ML,t*^, #^SAP 1 6 

£*fc#*£rS»AU£;tt£r0. 2 T o r r 
^®(c^3 0t^3 2^»MO!ttt$-frt > 

± ^ * v-a-&a> e> « 8 <»m.m a» e> ^sp^m 

iS§3 0 tKi3 2S-14:m, B»£tf-CJBl©«fUi2 6 

t s& 2 <D«fl:e 2 8 frbftzmmmtm 2 4 

tco z.v>'&, ^iAPl6©^iA#i8*KC> 
^*5CP 2 0SrfflCTjE^^7'2 2l££«m^1fl 
2cDf*39S«rl xiO-'Toi r KIT©^*"?*^ 
5tbT^?>, ^fAR 1 6©#*ajA#l 8£rW3tt^ 
20 y ^A&SgALjE^SrO. 2 T o r r (d|@SEUfc#H^ 
^-CS-fkfeabfci: twm^Sri*^*^ 3 0#fW— &z 

&n\,tz.m, K-9-\A\z.2L2>tim*&±^vvj>. 
[00403 *nii^j 5 *5vn-c t> , msatumumc 

J I S*t&fc^S^c^^^2i®«- 

i , mmm 2 , msw 3 , ms&m 4 1 mmic > « 

^^^-SI-fb^^vw^Sa^JBl^bfeo i^t>©^ 
5 

10 0 4 1] 
[*5] 



• 



(11) 



11-92911 



19 



20 





mm 


i. 0 
urnCO 

(Hv) 


(jum) 


9m&<o 

( u ni) 




Mi 


r 


6 9 0 


5 70 


0. 25 


2 0-5 0 






s 


700 


7 7 0 


0. 2 5 


30-50 






t 


800 


940 


0. 35 


3 0 — 6 0 






u 


8 10 


1100 


0. 9 


7 0—2 0 0 






e 




180 


0. 2 


2 0 — 50 







[0 0 4 2 J WHfr~uli^m 6 9 0m 
8 1 O'C^-efeaS^Sr^'fk^^r-CMaufctcD-t?, f* 
e li^BMOf-9 2 a«-CfcSo 

[0 0 4 33 *5^e>KP>d^±5l-, IWifr (*& 
asa« 6 9 0*C) -Ctt8«*©SF*&*ffia3 Ra«fflS 
^©Mftfiico^:^ cSRct fcf-f****-^ e 

B*»£>1. 0jum©ai$t?(D^^SHv = 5 7 0 i:ffi< 

-§-u (&yata*8 1 o<c) assi. o Mmcogs^-c© 
es^^H v = i i o o & issv^^ *&a&© s P*&*B*&<* 30 

#Ra = 0. 9^mat<, 3^*&*0>JNMM&t>R 

c = 7 o~2 0 0 umicm±fcvx^xtim&<DmmtB. 

t mm # mm l fc^-e <omtm tmm s fix v ^ v \, 
rfrk(c#Lfw#-i§-s (^a?aS7oo < c) xtxmm 

*»?>1. 0ymcogg$-C<og!,Sa s Hv = 7 7 0£i«<, 
«i3®^©¥l&*a*a$»*R a = 0. 25 (J m > #yg&<£> 
MS*5tt.R c = 3 0~5 0 umb&,n&-%re<Z>fcftm<D 40 

+9 >m 2 ««- 1 jt«E tTis t A/ iraMba** < ^sta© 
h raaHcww** t (toam&soo 

"C) TM4*B5a»6>l. 0(im©SH$TOSa#Hv = 9 
40 ti«<. M©WgEft$liRa = 0. 35m 
nu !*aam<Di^Si|at ) Rc = 3 0~6 0jumi:|*)iSf#-^ 
e(D^mm<Df-9>m2mUttt^tVXmtA,if^ti> i 50 



*v-cv^ 0 wm®.<Dmmx\*-mit?-9i/ j $"g.fc 

=7-9isW-9i>m>bbtite\<^}:fat>. &mbMm& 

mm, mm*mj&^?\z.wmviztttex*mtm* : m 

[0 044] 6 ) *&W<om 6 <DJHJg0>J£EI 

4, lll5SrffiV^lffiK-r5o EUte^^^O^*^ 

**BT» EI5«i5!'fbfea$ixfcgi5«-©«5tSr*-r»fB 

m&.mx-hz> 0 ^iAPi6t^s^p2o^it 

±.\z.=f-9l/$i£T*?-9>&&frbt£Z>&ttS b. =5-9 is 

m.xj-^9 h t £ % mt 8 &imm v xismt-r z> 

tztb<Dl}mm8>bVXK-9-l 4&mW:&tvX\<^Z> 0 
2O^a5Sr^f^#mP2 0Sr31DT*^^7 p 

22iaD, mmu*&mm.<»%m*m& znz> 1 x 1 

O-'Tot i&.T<DJ£tl^.XM^^.Vtimc\i-9 
-1 4{£<fc9^>:fc£tf^V^&;a^ft5mt8£r 

6 9 o~8 i ox:^.x3 o&mi}mi,m®itimvxfa 

#^IAP 1 QW^MXfrl 8&fflftT>*~T 

tfxKmm#x&m&£ntc#?.*m?<vj£t)*o. 1 

Tor rKi|«bfc#Hft^tH»Wiaaibfct#©iME 

«r«*a*&7i*iH— jeicfiaeu-c* ^9^isxtf9-9> 
8 omm^m 3 ob&m 3 2&mm 

RTf&WtZltX, f-9 9 Z>mt 

tTii©Mi26 bm2<omitm2 8*>6>*s*b 

©A^lSSrMC, ^^P2 0SraiCTX^#>'7 p 
2 2^J;«)KS«fl 2<D^a5Srl xiO-'TotrH 



(12) 



11-92911 



21 

igA#l 8ZmVTsu=r>&mAU£t)&0. 5Tor 
[0 0 4 5] #5felfc«6fc*JVvTt>, Wfffc&affitttc 

$mw2 > mmm3, &mm** mmms 



22 



* mmm 3 „ mmm 4 , giro 5 r«4«m»-c 

ftSLfcfc* ftttffl, ^i£0!l2. H2fe^J3, hjs^j 

[0 0 4 6] 
1*6] 





0C> 


l. 0 

um<D 

(Hv) 


(mid) 


(win) 






V 


6 9 0 


560 


0. 26 


20-50 


&L 




w 


7 0 0 


7 6 0 


0. 25 


3 0 — 5 0 






X 


800 


97 0 


0. 40 


30—65 






y 


8 10 


10 5 0 


0. 9 


70-200 


turn? 




e 




18 0 


0. 2 


2 0 — 5 0 







[0 0 4 7] fW#-^v~yte-?r*ve;i"K 6 90W 

8 i ox;?-^xmM.m&m'{kzitxmmLtz.h<o-?, ft 

!|Sf#*el***!! ! a<D^^>^2a«-C*>5. 30 
[0 04 8] aS6«»&We>a»*J:$fc:, ft**##v 

?^%2mttbm2m&-e*m&nti&&T?1bZ>i>*, * 

B^fel. 0 p m©ai$ T?©SI«SH v = 5 6 0 tt< 

®^hv = i o 5 o tissv^s, vm^kow-^mmn.^ 

*5Ra=0. 9Mmi^<> SfcftuattOjfeAttfcR 

c = 7 0~2 0 0MmKla;MfcLTV^&3gm<£>ic®ffi 40 

wtte>ic*fLfts|sf#-f-w («isiaaF7 o o*c) -mas® 

d>f>l. 0«m®aS$-e©aS^Hv = 7 6 0til<, 
&a«<DSF4$^ffi1§$htRa = 0. 25(im, Ka&&<0 
R c = 3 0~5 0 /zmifWS-i-eOTfcAaS© 

^ 2 w t Jtifc l -c is t ^ if^-fk^ & < feit© 



t&wbfr-e&Zo piaticfwc-f-x (aqs&asoo 

t) -T?fcfc*E^£> 1 . 0//m©ai$-C<D^!^dSHv = 9 
7 0 b S5< , tea«<D5F*&^ffi*a$ l*R a = 0 . 4 0m 
m, ttm&tDffe&nhR c = 3 0~6 5 *i m t ft)|6f#-^ 
e <D*#yS<0^ VgS 2 mmh Jfc« LtlS t A/ J&fca* 

[0 0 4 9] ztibzmmi. mmm 2. mmm3, m 
tcj;»)7oo~8o o < c*T?0f^ra*D^b^^ai- 
mfrb &^mm b mm zmtrnz. «t o stm, @^ $ * 




(13) 

23 

^mmMt-^-rmtf-9 >a wmm-^-mk*?- 

[0 0 5 0] Bfc*fc&*2S@igLfcS&l©ffl<(bJira:^* 
®{bgfcfc«£;£ft^©^£©faJL©fc&j£i&^fc.5„ 

mtmmjM<o!tmmsiKK^x\s.. e 9 otHT©t 
**ff"*a5«ac*±#b*v«©"c, 7 o o*c«_t©ia& 

#V>8 0 0 < C«Tt1-'5^*5fcS„ 30 

c o o 5 1 ] *&m<o$mm\z.}d\<^x. mmm i , nis 
M2, $mM3* mmm4, mums. mutmet^K 

^:TSr**-r-51>©-efcS 0 40 

[o o 5 2 j *&w<Dmmm<DMm'z.n.K%>^x, mm 

Wl, HJ£0>J3, HJS0!I6t?»i;l X 10-TorrH 

HiS^J 5 XtS. 1X10"' Tor r «T©ff^J*-eSS 
#Ml^!)!>^SriAL0. 2 T o r r ©JE;/jfCfHfi 
Lfc#H^tf-C, HJS^J4t?»41 xlO-'TorrEl 
T©£EA*t»JtaS»«*fc^y ^ASr^AL-0. 5To 
r iCffi/jKIBItfcSiB*'!'-^ iP5R#«K: <fc 5 7 0 

o*»e>8 o o"c*-e3 o&fgati&v&aMtmvx^z 




#i¥l 1-92911 

24 

J»W«8fi««>WlK)PXK <fc 9 „ >*XX*9-* 

S> * 5 «BW± l:4C fcjq IO>-f Sr^fP S * S - 
SrBWi:LT^/j:5t©-e, jRMMAll7 0 0~8 0 0 
< CfcRBfei x 5 5 0~8 0 0 t©$6Brt©Sfi^-?;fc*U#f£ 

m. *> wb«Hais xmrt z> &m# *> 5 it «> , aps&i 

^o-c, apusi^&ai&^w: 7 0 0 ~ 8 0 

[0 0 5 33 *?6ig©IIJS^I©AP^n:@(c*3VNT, HJS 
0!) 1 , HJR4V3, 3IJS^J6 1 X 1 0-." T o r r fit 

0 . 2 T o r r <Df£J]lZffl&Vft^}) t>A»^JE#|S« 
f t», 3£860!l 4 T?r± 0 . 5 T o r r bfc-^ 

y *a©«je#b^*^^sl-cv^;^ jE^fir 
^ffi v >t t> H L3t x. t£ v \, 

[0054] *5IK©3IJg'W©«J!'fbtoSXmi-^VN-C, 

mmm4. mmmsxtejjmr.mr'&mmtm-' 

5/*-^«M*Hv = 7 5 0&±j8MV>&^4:v\ *fcWb 

Maxs©*aa^fM*u o^fMfiixtc^^t^Bwt-y 

fea^ra«i~i o^ra©®art©tts©^ra-cj:v\ 
[0 0 5 5] *&womtt&mT.mz}$\,^x, $mmi 
x\immtmmtfx sr, hjsm 2 -mffi^fb^igtf * ^ 

xicmm#x*m&istt#x&, mrnw4xt±mmit 
mm 6 x-ter y?=7^ iz.mm#* ^m^-^t^^ 

SrfflV^dS, M^b^^^^^f^x.T-^b^^fxfc 

[00563 *&m<omi&M<?>mit!imj:mz.*s^x. 
mmm 1 -cti^^jE* ^ 0 . 3 t o r r iz.wm vtz.ms. 

&m%.X, M1teffl2 tmi&M5XliM*&j3$:0. 2T 
o r r {CiSfiL^JE#H^-C, *Jg#l 3 t ^SS^J 6 X 
fi^f^JE^SrO. 1 T o r r Kffl«LfcigJE#IS§i;-<\ 
^JS^j4-C(*^^.ffi^Sr0. 5Torr(cP«Lfc®JE 
#HfcT?Wb*ya**Tfcofc36S, ^^#B$t©ffi*{*^ 




(14) 

25 

\3.&M<r>&-t)'Qfric. tote v \ 

[oo57i ^m<Dmmm<oi^m^.m^^x^ mm 
mi. mmm2, mmm3. mrnw*. hkms, mm 

®4-e^iPbfcdK wbteaxatwi— ©jaftt»3 o^- 

mm^suz. a s nam *&±-r &mz.n&is fa a> e> 9e*ja 

SfcteSaMWfiT-rSfcfcx 3 0^±1NfH«T^ 20 

[0 0 5 8] ^WwIIJS^Jo^xski^t. mm 

wis mmwz. mmm6-e\-tT/u=r>&mAL&.?j& 

0. 5Tor r l^SLfc®BE#H^^-C, £ffifll2, 
*J£««l5-e(*^y ^^Sr^AUffi^J^rO. 2 T o r r (d 

mm l fc^ff +-e, mra a t?«— y ? a st«a 

Lffi^fc 0 . 5 T o r r JC^«bfc^JE#H^C^-C^m 30 

[0059] *»wfc*5v*-cH\ mmntHommvimzM 

1 h fmik-fZ Zkt£<. £ h tettfttt«M&Wb* 

So 

[0060] ^wKasv^ twfltfaaawffcr*?-* 
yjsiutf^y^^v^ ^b\m^9^^ 

i^^^ssia, ^^^2«, ^*^s&3«*ei?& 




#M¥l 1-92911 

26 

[0 0 6 1] 

v^Bftf-eAnil^lfci-J: •? 7 0 o~8 0 o < C*-c^f^: 

ta>?>, mMm&mv>tcmm®<vmM&wzm-m-rz>z 

ti>^mtt£otc 0 

imw<oito#t£i&m 

mil *&WK&tt&Mk9m£m<?>T.u&*-rm-? 
[0 2] *»mc:iart*«iaaflitK'y*-^««©ffi 
[E3] *&mz&tfzmmm&.k&m-<*<omkvo j $>si 

[E143 *«w<d— mmm^hzmt<omttim%&$: 

[El 5 J »»«T?*>»«|5*f©«3fiSr«-rWffi 

2 ip^xe 
4 WMiig 

6 ftspxm 

8 

10 

1 2 SSffi 

14 t 

1 6 ^f^SAP 

1 8 tfxMAfr 

2 0 ^^.#^tP 
2 2 KS*^^ 

2 4 mmmtm 
26 1 ©eiYts 
28 $$2<»mfcm 

3 0 

3 2 it* 



(15) 



#9PP1 1 -9 2 9 1 1 



imi] 



[021 



700-800" C 



2 Jntlfttg 



4 Sfcaurtg 




[03] 



(a) 



3000 
* 2000 



Mi^^v £ iooo 



(b) 
8 0 0' c 



(c) 

8 1 0- C 



o 

3000 
2000 
1000 
0 

1600 
1200 
800 
400 

















































it 






LaJ 







































































































! — i 








+ 





4—1 



2P 



30 



40 50 60 

28 



30 £S 



\ AO A 6 J 
^ a o a o 



[05] 

32 8££ 



A A 
° A O 



2 6 mi©»is» 



A 
A 



\ 



24 



2 8 m2(om<tm 



8 eft&# 




600 660 700 750 800 850 
[04] 



900 




2 2 K3g#>7> 



